ABSTRACT
INTRODUCTION
In recent years, a large number of heavy metal pollutants discharged into the environment, which resulted in an extremely negative impact on the environment and human health. Lead pollution was a kind of pollution of heavy metal poisoning. Lead was often used as a raw material in the manufacture of pesticides, batteries, electroplating, pigments, rubber, fuel and other industries. Lead and its compounds were mainly invaded the human body through the respiratory and digestive tract, which had a very negative impact on human health. Lead and its compounds were listed as one of China's environmental priority pollutants blacklist. Heavy metal nickel could lead to central and respiratory disorders. Nickel ore produced smoke in the process of matte smelting, and the waste would pollute the environment. Heavy metal Nickel could be enriched in the soil, and caused the contamination of soil and vegetation. Therefore, the effective treatment of heavy metal pollutants had become a hot research topic [1, 2] . The adsorption of heavy metals had the advantages of good treatment effect, simple processing equipment and low cost [3, 4] . Fly ash was a kind of solid waste produced by high temperature combustion of pulverized coal in coal fired power plant. The fly ash was mainly composed of silicon, aluminum oxide and other metal oxides. Fly ash had a wide range of sources, and the price was low. Meanwhile, fly ash had a large specific surface area and solid adsorbent performance [5] . Studies had shown that fly ash and synthetic materials had a better ability to remove ability for heavy metal ions in water [6, 7] . However, most research had focus on a single heavy metal ion adsorption [8] [9] [10] , and the competitive adsorption of mixed heavy metal ions were not comprehensive enough [7] . In this paper, the synthesis of zeolite from fly ash was used as adsorbent for the competitive adsorption of mixed heavy metals of Pb and Ni. The adsorption capacity, initial pH value, the reaction temperature and time were investigated for the adsorption of mixed heavy metal ions on the synthetic zeolites. The adsorption kinetics of Pb and Ni ions on zeolite were discussed.
EXPERIMENTAL
The original fly ash was gained from Taicang Harbour Golden Concord Electric-Power Generation Co. Ltd. (Taicang, Jiangsu Province). The main chemical composition was SiO2 (51.06%), Al2O3 (32.36%), CaO (2.91%), Fe2O3 (4.68%), Na2O (0.45%), MgO (0.90%), K2O (1.00%) and TiO2 (1.17%). The Pb 2+ aqueous solution and The Ni 2+ solution was prepared through dissolving Pb(NO3)2 and Ni(NO3)2·6H2O in DI water, respectively. The initial concentration of the mixed heavy metal ions is 100mg/L. Alkaline solution used for zeolite synthesis is prepared through dissolving KOH in distilled water. The solutions used for adjusting adsorption pH are prepared through dissolving NaOH and HNO3 in distilled water. All chemicals used in our experiment are analytical reagent and bought from China National Pharmaceutical Group Corporation.
The Linde type F (K) zeolite was synthesized through fly ash reacted with KOH solution. The zeolite synthesis procedure was referred to the previous research. The batch studies were conducted by mixing zeolite with Pb The mixture was filtered through 0.45m membrane filter using a vacuum pump after adsorption reaction. The filtrate was analyzed subsequently for the Pb 2+ and Ni 2+ content using AA240DUO atomic adsorption spectrophotometry (Agilent Technologies, Inc. USA). The pH of solution is determined by a Q/GHSC 1544-2009 pH meter. Following the same procedure, different parameters were studied, such as adsorbent dosage, initial pH, reactive temperature and contact time.
RESULTS AND DISCUSSION

Effect of Zeolite Dosage on Competitive Adsorption
Effect of adsorbent dosage on the removal efficiency of Pb ions also increased obviously. The removal rate was increased from 16.02% to 83.70%. When the amount of adsorbent continued to improve to 4g/L, the removal rate of Ni 2+ ions increased to 97.67%. That indicated the adsorption dose had a significant influence on the adsorption of mixed heavy metal ions on the zeolite. With the increase of the adsorption dose, the adsorption process had gone through a rapid increase and then tended to be gentle. Furthermore, the adsorption selectivity of synthetic zeolite on the Pb ions decreased from 64.10 to 31.25 mg/g. The contact area of mixed heavy metals increased with the increasing of the zeolite dosage, and the utilization ratio of the adsorbent was reduced.
Effect of pH on Competitive Adsorption
The effect of pH on the adsorption efficiency of Pb 2+ and Ni 2+ ions was shown in Fig.3 . The initial pH value of adsorption system was 2, 3, 4, 5, 6, 7 and 8, respectively. The initial concentration of mixed heavy metals was 100 mg/L, and the zeolite dosage was 2.0g/L. As shown in Fig.3 , the initial pH value of the adsorption system had a significant effect on the adsorption of mixed heavy metal ions. When the initial pH value was between 2 and 4, the adsorption efficiency ions increased significantly, which was 48.29%. The adsorption efficiency continued to rise to 82.99% with the initial pH value increased to 6. And then the adsorption system tended to saturation with the continuous increasing pH value. In the system of individual adsorption of Ni 2+ ions on synthetic zeolite, the adsorption efficiency was 12.66% when the initial pH value was 3. The adsorption efficiency was 29.15% when the initial pH value was 4. The removal rate of Ni 2+ ions in individual adsorption system was higher than the mixed adsorption system. That suggested in acidic environment, the adsorption of Pb 
Effect of Temperature and Contact Time on Competitive Adsorption
The effect of temperature and contact time on the adsorption efficiency of Pb 2+ and Ni 2+ ions was shown in Fig.4 . The temperature was 25℃, 35℃ and 45℃, respectively. The competitive adsorption time was 8 hours. The initial concentration of mixed heavy metal ions was 100 mg/L, the zeolite dosage was 2.0 g/L, and the initial pH was 6. Fig.4 showed with the increasing of temperature and contact time, the adsorption efficiency of Pb 
Adsorption Kinetics.
The Lagergren pseudo-first order model and Blanchard pseudo-second order model were used to analyze adsorption kinetics. The equations of two models were showed below. The Lagergren pseudo-first order model:
Where Qe is equilibrium adsorption amount of mixed heavy metals of Pb and Ni on zeolite (mg/g), Qt is adsorption amount of Pb and Ni on zeolite at time t (mg/g), K1 was rate constant of first order model and t was contact time.
The Blanchard pseudo-second order model:
Where K2 was rate constant of second order model. The two models were used to plot the adsorption data of mixed heavy metals of Pb 2+ and Ni
2+
ions. The results were showed in Fig.5, Fig.6, Fig.7, Fig.8 and Tab.1. R 2 value (correlation coefficient) was always used to evaluate the rationality of the two adsorption kinetics models. Where Qe,exp (mg/g) and Qe,cal (mg/g) was equilibrium adsorption amount of Pb 2+ and Ni 2+ ions on zeolite gained from experiments and the model calculation. Fig.5, Fig.6, Fig.7, Fig.8 and Tab.1 showed the fitting linear correlation coefficient of the pseudo-first order kinetics of Ni adsorption were 0.8817, 0.927 and 0.9883. The linear correlation coefficient of pseudo-second order kinetics were 0.9938,0.9988 and 0.9922, which was more than 0.99. The linear correlation coefficient of the pseudo-first order kinetics of Pb adsorption were 0.9912,0.9665 and 0.9765. When the pseudo-second order kinetics model was used for the data fitting of Pb adsorption, the correlation coefficient was 0.9991, 0.998 and 0.9991, which was also more than 0.99. On the other hand, the equilibrium adsorption amount of Qe ，cal in pseudo-second order kinetic model for Pb and Ni competitive adsorption were all closer to the experimentally determined value of Qe ，exp . That indicated the adsorption kinetics of mixed heavy metal ions of Pb and Ni were all in accordance with pseudo-second order kinetic model. The pseudo-second order adsorption kinetic equation could reflect the adsorption behavior of these two kinds of ions. However, the fitting degree of the pseudo-first order adsorption kinetic equation was relatively lower.
COUONCLUSIONS
The adsorbent dosage had a significant effect on the adsorption efficiency and the saturated adsorption capacity of competitive adsorption of Pb ions improved gradually with the increasing of zeolite dosage, while the saturated adsorption capacity was declining. The competitive adsorption order was Pb>Ni during the whole adsorption process. When the initial pH value was between 2 to 4, the removal rate of Pb 2+ ions increased rapidly. However, the removal rate of Ni 
